Abstract. Astroparticle physics offers very important, and sometimes unique, tools for studying extensions of the standard model in a way which is complementary to accelerator physics. In this paper we discuss the problem of dark matter in connection with its explanation in terms of relic supersymmetric particles, by analyzing different types of astrophysical signals which can be looked at in order to disentangle the presence of dark matter in the galactic halo.
EVIDENCE OF DARKNESS
The presence of large amounts of non-luminous components in the Universe has been identified along the years by different means and on different scales: on the galactic scale, the flatness of the rotational curves of many galaxies indicates a dark component which is presumably distributed as a halo around the galaxies; clusters points toward a sizeable contribution of unseen matter distributed between galaxies; more recently, on cosmological scales, the combination of the results on high-redshift supernovae and on the anisotropies of the cosmic microwave background radiation is pointing toward a flat Universe whose energy density is dominated by a dark vacuum component (cosmological constant, quintessence) together with a sizeable dark component of matter. In terms of the density parameter Ω, the current view can be summarized as follows: the total amount of matter/energy of the Universe is Ω tot = 1.02± 0.06 0.05 , and this is composed of a matter component Ω M = 0.31± 0.13 0.12 and a vacuum-energy component Ω Λ = 0.71 ± 0.11. The clear indication of the latest data is therefore that the Universe is strongly dominated by dark (and unknown) components. In fact the numbers above cannot be reconciled with a Universe made only of standard components: primordial nucleosynthesis tells us that baryons can contribute only at the level of Ω b = 0.037 ± 0.11, while luminous matter is known to provide only a contribution of order Ω lum ∼ 0.003. We are therefore facing the presence of at least three dark components in the Universe: dark baryons, dark matter and dark energy. The existence of both dark (relativistic or non-relativistic) exotic matter and dark energy asks for extension of the standard model of fundamental interactions, since no known particle or field can explain either of these components. The amount of non-baryonic dark matter can therefore be summarized as:
SUPERSYMMETRY AND DARK MATTER: THE NEUTRALINO
The existence of a relic particle in supersymmetric theories arises from the conservation of a symmetry, R-parity, which prevents the lightest of all the superpartners from decaying. The nature and the properties of this particle depend on the way supersymmetry is broken. The neutralino can be the dark matter candidate in models where supersymmetry is broken through gravity-(or anomaly-) mediated mechanisms. The actual implementation of a specific susy scheme depends on a number of assumptions on the structure of the model and on the relations among its parameters. This induces a large variability of the phenomenology of neutralino dark matter [1] . The simplest and most direct implementation of supersymmetry is represented by the minimal supergravity (mSUGRA) scheme, where, in addition to requiring gauge coupling constant unification at the GUT scale, also all the mass parameters in the susy breaking sector are universal at the same GUT scale. The low-energy sector of the model is obtained by evolving all the parameters through renormalization group equations (RGE): this process also induces the breaking of the electroweak (EW) symmetry in a radiative way (rEWSB). This model is very predictive, since it relies only on four free parameters, but at the same time it has a very constrained phenomenology at low-energy. It also appears to be quite sensitive to some standard model parameters, like the mass of the top and bottom quarks (m t and m b ) and the strong coupling constant α s .
A more relaxed implementation of this susy scheme is offered by non-universal supergravity (nuSUGRA), where some of the unification conditions at the GUT scale are relaxed: non-universality has been studied in the Higgs, in the sfermion and in the gaugino sectors.
Specific patterns of non-universality may be originated through mechanisms which involve effects of extra-dimensions, like in D-brane and string models. These models also may be very predictive, with very few free parameters, but the relations among them is different from what is postulated in mSUGRA models.
It has also been realized that unification conditions, both for gauge couplings and/or mass parameters, may occur at scales which are different from the standard GUT scale at about 10 16 GeV. This unification scale may be lower than the usual GUT scale (intermediate unification scale models), and this induces a modification of neutralino phenomenology at low energy.
A different approach is offered by the low-energy supersymmetric model, defined directly at the EW scale, which is where the phenomenology of neutralino dark matter is actually studied. Also in this case we have to make assumptions in order to reduce the number of free parameters to a manageable number. These assumptions must be mild enough not to represent an arbitrary overconstraint on the model, and all the relevant parameters at the EW scale must be represented. It is possible in this case to work with six or seven free parameters. Recently it has been put forward the study of a class of low-energy models with a violation of the usual relation between the gaugino masses where the relic neutralino is particle as light as the GeV scale [2] . These kind of models have been shown to have a rich an interesting phenomenology, both fromthe point of view of Cosmology, and from the point of view of possibility of detection of signals related to these light neutralinos [3, 4] .
Other models which have been discussed in the literature in connection with neutralino dark matter are dilaton domination models, models with CP-violation and anomaly mediated models.
DIRECT DETECTION OF RELIC NEUTRALINOS
Direct detection relies on the scattering of dark matter particles off the nuclei of a low-background detector. This method is sensitive to the local properties of the neutralinos in the halo, i.e. its local abundance ρ χ and its local velocity distribution, and depends on the neutralinonucleus scattering cross section, which is usually dominated by the coherent interaction. The detection rate is the elastic-scattering cross section off a nucleon, which is therefore the relevant quantity in direct detection.
The predictions for the elastic cross section in lowenergy supersymmetric models are shown in Fig. 1 . We notice that for low neutralino masses (which correspond to supersymmtric models where the universality in the gaugino-sector is not assumed) the theoretical predictions are sizeable and very constrained [3] . This property may be understood on the basis of the properties of such susy models, and we refer to the discussion of Ref. [3] , where a comparison with experimental results is also shown.
INDIRECT DETECTION OF RELIC NEUTRALINO
Indirect detection relies on the possibility to identify signals which are originated by neutralino selfannihilations. The first type of signal, due to neutralino annihilation taking place in celestial bodies (Earth or Sun) where the neutralinos have been gravitationally captured and accumulated, is a neutrino flux, detected in a neutrino tele-FIGURE 2. Antiproton flux at Tp= 0.23 GeV as a function of the neutralino mass, calculated at solar minimum. The solar modulation is calculated at the phase of solar minimum. Crosses (red) and dots (blue) denote neutralino configurations with 0.095 ≤ Ω χ h 2 ≤ 0.131 and Ω χ h 2 < 0.095, respectively. The shaded region denotes the amount of primary antiprotons which can be accommodated at Tp= 0.23 GeV without entering in conflict with the experimental BESS data [5, 6] and secondary antiproton calculations [7] . The best fit set for the astrophysical parameters is used [8] scope as a flux of up-going muons. Since the process relevant for accumulation of neutralino is capture, which relies on neutralino scattering off the nuclei of the Earth and the Sun, this detection technique is sensitive only to local properties of the Galaxy, like direct detection. Indirect detection at neutrino telescopes is partially competitive with direct detection, although a large fraction of configurations which are explored by direct detection require more sensitive neutrino telescopes in order to be probed [4] .
Neutralino annihilations can take place also in the galactic halo and the signals can consist in: a diffuse neutrino flux ; a diffuse gamma-ray flux or a gamma-ray line; exotic components in cosmic rays: positrons, antiprotons and antideuterium. In this case, global properties of the halo are relevant, and therefore the matter distribution of neutralinos is an important quantity. In particular, the overdensities which would be present if the halo were clumpy would have the effect of largely enhancing the predicted signals. Fig. 2 shows the theoretical predictions for the antiproton signal, compared to current experimental sensitivities. Theoretical predictions are affected by large uncertainties [8] which can boost or reduce the predicted flux by one order of mag-FIGURE 3. Gamma-ray flux from the galactic center inside the angular region |∆l| ≤ 5 • , |∆b| ≤ 2 • for a NFW matter density profile and calculated at E γ = 1.5 GeV. Crosses and dots denote neutralino configurations with 0.095 ≤ Ω χ h 2 ≤ 0.131 and Ω χ h 2 < 0.095, respectively. The solid horizontal line shows the gamma-ray flux measured by EGRET [9] , the shaded horizontal band denotes the 1σ error bar on the EGRET data and the dashed line is an estimate of the gamma-ray background.
nitude [8] . For this reason, from Fig. 2 we can conclude that no firm exclusion on susy models can be driven on a conservative basis, even thouhg the antiproton searches are the most sensitive probe to susy dark matter, especially in the sector of low mass neutralinos [4] . Fig. 3 shows the gamma-ray flux predicted for annihilation of nautralinos in the galactic center, for a dark matter density profile which is relatively steep toward the galactic center, until its very inner regions [4] . We notice that the predicted fluxes are well below experimental sensitivities. The gamma-ray signal is in fact able to explain the excess observed by EGRET [9] only in the case of sizeable clumpiness along the line of sight toward the galactic center [4] . An example is shown in Fig. 4 .
CONCLUSIONS
Two are the main issues in particle dark matter studies: i) to explain the observed amount of dark matter in the Universe (0.05 < ∼ Ω M h 2 < ∼ 0.3) by finding suitable particle candidates; ii) to detect a relic particle. For both of them there appear to be good prospects of success. γ , from the galactic center inside the angular region |∆l| ≤ 5 • , |∆b| ≤ 2 • , as functions of the photon energy. The dotted line is the spectrum for a neutralino with mass m χ = 30 GeV, calculated for a density profile with a factor 30 of enhancement with respect to the NFW case; the dashed line is the gamma ray background calculated in Ref. [9] , reduced by 10%; the solid line is the total flux, sum of the supersymmetric signal and the background; the experimental points are the EGRET data [9] . The numbers quoted in the legend inside parentheses denote the values of the neutralino annihilation branching ratios intō bb andττ.
As for the candidates, there are many proposed particles which could act as dark matter. Some of these candidates turn out to be quite natural, like e.g. the massive neutrino, the axion or the neutralino. Almost all of the proposed candidates can play the role of the dominant dark matter component, although for some of them a non-standard cosmology is required. An important remark is that, from the particle physics point of view, dark matter may naturally be multi-component. A multicomponent dark matter scenario offers opportunity for interesting phenomenology not only to the dominant candidate, which would explain the cosmological observation on the Ω M parameter, but also to the sub-dominant candidates, since usually these are the ones which are easier to detect. The detection of a particle which is a relic from the early Universe would be a very important and exciting result.
As for detection, perspectives are good, both for direct and for indirect detection techniques, especially for the most interesting and studied candidate, the neutralino. The possibility to have detectable rates for neutralinos depends on the specific susy model which is considered, and quite generally it appears simpler to detect a relic neutralino which is a sub-dominant dark matter component. Nevertheless, there are many susy schemes where relic neutralinos can provide enough cosmological abundance to explain the observed amount of dark matter, and at the same time they can have detection rates large enough to be accessible to direct, and also to some indirect, detection methods. The positive indication of annual modulation in the detection rate of the DAMA/NaI Collaboration [10] , which is at the moment, the most compelling indication for a particle dark matter signal, may be interpreted as originated from relic neutralinos and explained in a number of realization of supersymmetry. It is worth noticing that the presence of a signal from dark matter, like the annual modulation effect or signals which could hopefully come in future experiments, can be very important not only for astrophysics and cosmology but also for particle physics, since the need to explain the effect can help in deriving properties of particle physics models and possibly discriminate among different realizations, for instance of supersymmetry.
